Interictal spikes, ictal responses, and status epilepticus are characteristic of abnormal neuronal activity in epilepsy. Since these events may involve different energy requirements, we evaluated metabolic function (assessed by simultaneous NADH and FAD+ imaging and tissue O2 recordings) in the immature, intact mouse hippocampus (P5-P7, in vitro) during spontaneous interictal spikes and ictal-like events (ILEs), induced by increased neuronal network excitability with either low Mg2+ media or decreased inhibition with bicuculline. In low Mg2+ medium NADH fluorescence showed a small decrease both during the interictal build-up leading to an ictal event and before ILE occurrences, but a large positive response during and after ILEs (up to 10% net change). Tissue O2 recordings (pO2) showed an oxygen dip (indicating oxygen consumption) coincident with each ILE at P5 and P7, closely matching an NADH fluorescence increase, indicating a large surge in oxidative metabolism. The ILE O2 dip was significantly larger at P7 as compared to P5 suggesting a higher metabolic response at P7. After several ILEs at P7, continuous, low voltage activity (late recurrent discharges: LRDs) occurred. During LRDs, whilst the epileptiform activity was relatively small (low voltage synchronous activity) oxygen levels remained low and NADH fluorescence elevated, indicating persistent oxygen utilization and maintained high metabolic demand. In bicuculline, NADH fluorescence levels decreased prior to the onset of epileptiform activity, followed by a slow positive phase, which persisted during interictal responses. Metabolic responses can thus differentiate between interictal, ictal-like and persistent epileptiform activity resembling status epilepticus, and confirm that spreading depression did not occur. These results demonstrate clear translational value to the understanding of metabolic requirements during epileptic conditions.
Introduction
Epileptogenic brain regions display altered metabolism associated with structural damage, cell loss, or changes in vascular supply (Pan et al., 2008; Alavi et al., 2011) . The increased energy demand associated with ictal activity is usually matched with an appropriate metabolic response (Duffy et al., 1975; Chapman et al., 1977; Folbergrova et al., 1985) . For example, fluorodeoxyglucose (FDG) PET scans in humans show basal hypometabolic regions between seizure events, which convert to hypermetabolic conditions during and after a seizure (Pan et al., 2008; Alavi et al., 2011) . The metabolic demands associated with interictal and ictal epileptiform events can be estimated in animal models using fluorescent FAD+ or NADH metabolic recordings (O'Connor et al., 1972; Schuchmann et al., 1999; Kovacs et al., 2001; Heinemann et al., 2002a Heinemann et al., , 2002b Kann et al., 2005; Dora, 1983; Cooper et al., 2009; Zhao et al., 2011) , or cytochrome analysis with oxygen recordings (Kreisman et al., 1983) . Additionally, the spread of ictal events can be estimated with intrinsic optical signal changes associated with cell swelling (Holtkamp et al., 2011) . Thus, estimates of metabolic demand, particularly NADH/FAD+ imaging and tissue oxygen levels, may help differentiate epileptiform states in an exposed brain (i.e., surgical exposure), the counterpart of FDG and oxygen uptake PET scans in a closed preparation and under clinical conditions.
Whereas both cytosolic and mitochondrial pathways generate the critical metabolic co-factor NADH (nicotinamide adenine nucleotide), metabolic FADH 2 pathways and O 2 consumption primarily occur within mitochondria (Foster et al., 2005; McKenna et al., 2006; Shetty et al., 2012) . Fluorescence of either NADH (at 460 nm) (Aubin, 1979; Kasischke et al., 2011) 
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